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(54) Membrane electrode assembly for an electrochemical fuel cell 



(57) An improved membrane electrode assembly 
("MEA") for an electrocliemical fuel cell comprises co- 
extensive ion exchange membrane and electrode layers 
and a rigid fluid impemrieable integral seat comprising a 
sealant material Impregnated into the porous electrode 
layers In sealing regions of the MEA. The integral seal 
envelops the peripheral region including the side edge 
of the M EA. The integral seal can circumscribe the elec- 



trochemlcally active area of the MEA and can also ex- 
tend laterally beyond the edge of the MEA. An Integral 
seal can also be provided around any openings, such 
as manifold openings, that are fonned Inside or outside 
the MEA. The seal has sealing features formed therein, 
such as raised ribs. Sealing features can be fomried from 
the rigid sealant material or from resilient sealant mate- 
rial applied to the surface of the Integral seal. 
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Description 

Field of the Invention 

5 [0001] The present invention relates to electrocliemicai fuel ceils, in particular, the invention provides an improved 
membrane electrode assembly for a fuel cell, and a method of making an improved membrane electrode assembly. 
The improved membrane electrode assembly comprises integral fluid impemieable seals and coextensive electrode 
and membrane layers. 

10 Background of the Invention 

[0002] Electrochemical fuel cells convert reactants, namely, fuel and oxidant fluid streams, to generate electric power 
and reaction products. Electrochemical fuel cells employ an electrolyte disposed between two electrodes, namely a 
cathode and an anode. The electrodes each comprise an electrocatalyst disposed at the interiace between the elec- 
15 troiyte and the electrodes to induce the desired electrochemical reactions. The location of the electrocatalyst generally 
defines the eiectrochemlcaliy active area. 

[0003] Solid polymer fuel cells generally employ a membrane electrode assembly ("MEA") consisting of a solid pol- 
ymer electrolyte or ion exchange membrane disposed between two electrode layers comprising porous, electrically 
conductive sheet material. The membrane is ion conductive (typically proton conductive), and also acts as a bamer 

20 for isolating the reactant streams from each other. Another function of the membrane is to act as an electrical insulator 
between the two electrode layers. The electrodes should be electrically insulated from each other to prevent short- 
circuiting. If a mufti-layer MEA is cut, tiny portions of the electrically conductive electrode material, such as stray fibers, 
may bridge across the thin membrane, interconnecting the electrodes, which could cause electrical short-circuiting In 
an operating fuel cell. Conventional MEAs incorporate a membrane with a larger suriace area than the electrode layers, 

25 with at least a small portion of the membrane extending laterally beyond the edge of the electrode layers. The protruding 
membrane edge helps to prevent short-circuiting between the electrodes around the edge of the membrane. A problem 
with this Is that it is difficult to cut an MEA after the electrodes have been joined to the membrane so that the thin 
membrane has a larger area than the electrodes. A conventional MEA is fabricated by manufacturing and cutting the 
electrodes and membrane layers separately. After the electrodes and membrane have been cut to the desired size 

30 and shape, the cut electrode layers are laminated with the cut membrane layer. These steps are not conducive to high 
speed manufacturing processes. It would be preferable to manufacture a sheet or roll of MEA material that already 
comprises the electrode and membrane layers, wherein this multi-layer material could then be cut to the desired size 
and shape for individual MEAs. An MEA cut in this way, such that the electrodes and membrane are coextensive, is 
described herein as being a "flush cut" MEA. However, this approach has heretofore been impractical because of the 

35 shori-circuiting problem described above. 

[0004] It is desirable to seal reactant fluid stream passages to prevent leaks or inter-mixing of the fuel and oxidant 
fluid streams. Fuel cell stacks typically employ resilient seals between stack components. Such seals isolate the man- 
ifolds and the electrochemk:ally active area of the fuel cell MEAs by circumscribing these areas. For example, a fluid 
tight seal can be achieved In a conventional fuel cell stack by using elastomeric gasket seals interposed between the 

40 flow field plates and the membrane, with sealing effected by applying a compressive force to the resilient gasket. 
Accordingly, it is important for conventional fuel cell stacks to be equipped with seals and a suitable compression 
assembly for applying a compressive force to the seats. 

[0005] Conventional methods of sealing around plate manifold openings and MEAs within fuel cells include framing 
the MEA with a resilient fluid Impemieable gasket, placing preformed gaskets in channels in the electrode layers and/ 

45 or separator plates, or molding seals within grooves in the electrode layer or separator plate, circumscribing the elec- 
trochemically active area and any fluid manifold openings. Examples of conventional methods are disclosed in U.S. 
Patent Nos. 5.1 76,966 and 5,284,71 8. Typically, the gasket seals are cut from a sheet of gasket material. For a gasket 
seal that seals around the eiectrochemlcaliy active area of the MEA, the central portion of the sheet is cut away. This 
procedure results in a large amount of the gasket material being wasted. Because the electrodes are porous, for the 

50 gasket seals to operate effectively, the gasket seals ordinarily are In direct contact with the flow field plates and the Ion 
exchange membrane. Therefore, In a conventional MEA, electrode material is cut away in the sealing regions so that 
the gasket will contact the ion exchange membrane. Some MEAs employ additional thin-film layers to protect the ion 
exchange membrane where It would otherwise be exposed In the gasket seal areas. Separate components such as 
gasket seats and thin-film layers require respective processing or assembly steps, whtoh add to the complexity and 

55 expense of manufacturing fuel cell stacks. 

[0006] Accordingly, it is desirable to simplify and reduce the number of individual or separate components involved 
in sealing in a fuel cell stack since this reduces assembly time and the cost of manufacturing. 
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Summary of the Invention 

[0007] An Improved MEA for an electrochemical fuel cell and methods for making the improved MEA are provided. 
In one embodiment, the MEA comprises 
5 a first porous electrode layer; 

a second porous electrode layer; 

an ion exchange membrane Interposed between the first and second porous electrode layers wherein the first 
and second electrode layers and the membrane are coextensive; 

a quantity of electrocatalyst disposed at the interface between the ion exchange membrane and each of the first 
10 and second porous electrode layers, thereby defining an electrochemically active area on each of the first and second 
electrode layers; and 

a fluid impermeable seal integral with the membrane electrode assembly, the seal comprising a rigid sealant 
material impregnated Into the first and second porous electrode layers in sealing regions thereof and having at least 
one raised rib, wherein the seal envelops a peripheral region of both first and second electrodes and the Ion exchange 
15 membrane. 

[0008] The integral seal envelops the peripheral region including the side edge of the MEA. The Integral seal can 
circumscribe the electrochemically active area of the MEA and can also extend laterally beyond the edge of the MEA. 
An integral seal can also be provided around any openings, such as manifold openings, that are fonmed inside or 
outside the MEA. The seal has sealing features, such as raised ribs, and can also have alignment features. Sealing 
20 and/or alignment features can be formed from the rigid sealant material or from resilient sealant material applied to 
the surface of the Integral seal. 

[0009] In one embodiment, the method of making the present MEA comprises: 

placing an ion exchange membrane between first and second porous electrode layers; 
25 bonding the ion exchange membrane to the first and second electrode layers; 

placing the first and second electrode layers and the ion exchange membrane between two sheets of rigid sealant 
material; 

bonding the sheets of rigid sealant material together; 

impregnating a portion of the rigid sealant material Into portions of the first and second electrode layers to fonri an 
30 integral seal; and 

fonming at least one rib In at least one major surface of the integral seal. 

[0010] The sheets of rigid sealant material can have external manifold openings fomied therein before, during or 

after bonding. Similarly, sealing, alignment and/or fluid distribution features can be formed in the sheets before, during 
35 or after bonding. Alternatively, such features can be formed from resilient sealing material applied to one or both sur- 
faces of the integral seal. 

Brief Description of the Drawings 

40 [0011] In the drawings, identical reference numbers identify similar elements or acts. The sizes and relative positions 
of elements in the drawings are not necessarily drawn to scale. For example, the shapes of various elements and 
angles are not drawn to scale, and some of these elements are arbitrarily enlarged and positioned to improve drawing 
legibility. Further, the particular shapes of the elements as drawn, are not intended to convey any information regarding 
the actual shape of the partteular elements, and have been solely selected for ease of recognition In the drawings. 

45 

FIG. 1 Is a plan view of an embodiment of the present improved membrane electrode assembly. 

FIG. 2 Is a plan view of another embodiment of the present improved membrane electrode assembly. 

so FIGs. 3a, 3b and 3c are partial section views of an edge portion of the membrane electrode assembly of FIGs. 1 
and 2, as indicated by the section marked in FIG. 1 . 

FIGs. 4a and 4b are partial section views of the edges of embodiments of the present membrane electrode 
assembly interposed between two fuel cell separator plates with integral seals compressed 
55 therebetween. 
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Detailed Description of Preferred Embodiment(s) 

[0012] In the following description, certain specific details are set forth In order to provide a thorough understanding 
of the various embodiments of the present improved membrane electrode assembly. However, one skilled In the tech- 
5 nology Involved here will understand that the present improved membrane electrode assembly can be practiced without 
these details. In other Instances, weli-lcnown structures associated polymer electrolyte fuel cells and fuel ceil stacks 
have not been shown or described in detail to avoid unnecessarily obscuring descriptions of the embodiments of the 
present Improved membrane electrode assembly. 

[0013] FIG. 1 shows an MEA 100 with integral seals 110, 120 that respectively circumscribe the electrochemicalty 
10 active area of MEA 100, and manifold openings 105 and opening 115 through which a tension member (not shown) 
extends. i^EA 100 comprises an Ion exchange membrane (not visible in FIG. 1) disposed between two porous, elec- 
trically conductive electrode layers 140. 

[0014] FIG. 2 shows an MEA 1 00 with an integral seal 110 circumscribing the electrochemically active area of MEA 
100. In this embodiment, the sealant material extends from opposing sides of MEA 100 to fonn and external region 
15 comprising integral seals 120' for sealing external manifold openings 105'. Although not shown, MEA 100 of FIG. 2 
can also incorporate an internal opening for a tension member and an integral perimeter seal circumscribing It, such 
as shown in FIG. 1 , if desired. 

[0015] Integral seals 110 and 120 comprise a rigid, fluid-impemneable sealant material that is impregnated into the 
porous electrode layers of MEA 100. The sealant material is chosen for mechanical and chemical resistance charac- 
20 terlstlcs that are suitable for use in the fuel cell. For example, themrioplastic materials can be employed. Themnoptastic 
materials Include thennoplastlc polymers, and plastics and composites Including thermoplastk: polymers. Themnoset 
materials can also be suitable, provided they are not too brittle. 

[0016] Integral seals 110 and 120 can be formed by molding the sealant material, such as injection molding. Alter- 
natively, sheet material could be bonded to MEA 100. For example, a sheet of rigid sealant material could be thennally 

25 bonded, or two or more sheets laminated (thennally, or by the application of adheslves or solvents), so that the material 
Is impregnated Into the porous layers of MEA 100. Suitable such sealant materials available in sheet form Include 
Teflon® (polytetraf I uoroethylene), Tedlar(B> (polyvinyl fluoride), Orogias® (acrylic) and Kynar® (polyvinyl idene fluoride). 
The selection of particular rigid sealant materials is not essential to the present MEA, and persons of ordinary skill in 
the technology Involved here can readily choose suitable such sealant materials for a given application. 

30 [0017] Various embodiments of an MEA 1 00 with an Integral seal such as 1 1 0, are illustrated in cross-sectional views 
In FIGs. 3a, 3b and 3c. The figures depict a perimeter edge integral seal 110, such as through section 3-3 of FIG. 1 , 
although the same configurations could also be employed for integral seal 120 at a manifold opening (as in FIG. 1). 
Each embodiment of an MEA 1 00 comprises an ion exchange membrane 1 30 disposed between two porous, electrically 
conductive electrode layers 140, and a sealant material 125 impregnated into a portion 150 of the porous electrode 

35 layers of MEA 1 00. At least a portion of seal 110 can protrude above the surfaces of porous electrode layers 1 40. 
[001 8] In each of the embodiments illustrated in FIGs. 3a, 3b and 3c, porous electrode layers 1 40 extend to the edge 
of ion exchange membrane 1 30. That is, the electrode layers 1 40 and the ion exchange membrane 1 30 are coextensive, 
particularly with respect to their peripheries. 

[0019] In the embodiment of FIG. 3a, integral seal envelops the edge of ion exchange membrane 1 30. By enveloping 
40 the edge, the sealant material 1 25 contacts three surfaces of ion exchange membrane 1 30, namely portions of the two 
surfaces that face the two electrodes 140 and the side edge defined by the thickness of membrane 130. Integral seal 
1 1 0 has a single raised rib 1 60. . 

[0020] In the embodiment of FIG. 3b, integral seal 1 1 0 extends laterally beyond the edge of MEA 1 00. Integral seal 
110 has two raised ribs 160, in the region of the seal that extends beyond the membrane. FIG. 3b also shows an 
45 alignment feature in the form of a cylindrical plug or pin 1 62. Sealant material may be employed to make plug 1 62 that 
can be fonned at the same time as integral seal 1 1 0. Plug 1 62 can cooperate with a corresponding cylindrical depression 
or well in the adjacent separator plate of a fuel cell to facilitate alignment of MEA 100 with the separator plates during 
assembly of the fuel cell. 

[0021] FIG. 3c illustrates an embodiment of an integral seal 110 that has some of the same features as the embed- 
50 iment depicted by FIG. 3b. FIG. 3c also illustrates the feature of a raised reference edge 170, which can be formed 
from the sealant material. Reference edge 1 70 can be employed to assist with aligning the MEA with the adjacent fuel 
cell components, which can be shaped to engage with reference edge 170. Alternatively, reference edge 170 can be 
employed during the manufacturing process to seat the MEA against a guide surface of a machine employed to as- 
semble the fuel cells. 

55 [0022] The multi-layer MEA 100 can be assembled and then the sealant material 125 can be impregnated into a 
portion 150 of the porous electrode layers 140. The integral seals for a plurality of MEAs could be injection molded 
onto the sheet of MEA material, Impregnating a plurality of sealing regions of the porous electrode layers 140. After 
sealant material 125 has cured, the MEA 100 and sealant material 125 can both be cut (preferably in the sealing 
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regions) to the desired dimensions at the same time. Because the sealant materiai was injection molded prior to the 
ion exchange membrane being cut, the two electrode layers are kept apart while the sealant material is being injected. 
Thus, the electrode materiai in the sealing regions is embedded within the electrically insulating sealant materiai. Cutting 
the multi-layer material In the sealing regions after the sealant material cures helps to prevent the possibility of short- 

5 circuiting because the cured sealant materiai Immobilizes the embedded electrode material. 

[0023] Altematively, the multMayer M EA 1 00 can be assembled and then cut to the desired shape and dimensions; 
then the sealant material 125 can be impregnated into a portion 150 of the porous electrode layers 140. For example, 
MEA 100 can be bonded together and sealant material 125 impregnated Into portions 150 of the electrode layers 140. 
As a further example, the components of MEA 100 can be assembled, along with one or more sheets of a rigid sealant 

10 materiai; the bonding of M EA 1 00 and impregnating of sealant material 1 25 into electrodes 1 40 could then be perfomried 
simultaneously, in the embodiment of FIG. 2, for example, the components of MEA 100 can be assembled between 
Kynar<B) stencils. Application of heat and pressure would bond MEA 100 and thennally laminate the Kynar® stencils 
together, with a portion of the sealant material impregnating into the electrode material 1 40. Extemal manifold openings 
can be fonned in the sealant material before, during or after bonding. Thus, the MEA can be bonded and sealed in a 

IS single processing step. 

[0024] In the foregoing embodiments, the portion 150 where sealant material is impregnated into porous electrode 
layers 140 can be selected to assist in providing improved reactant flow across MEA 100. For example, the portion 
150 of MEA 100 can be selected to overiay reactant ports of adjacent flow field plates in the assembled fuel cell, to 
assist in directing the flow of reactants entering from the ports into flow field channels. This can also protect the portion 

20 of the ion exchange membrane overiaying the ports, which can be vulnerable to damage by the pressure of reactants 
entering the ports. As another example, in the embodiment of FIG. 2, the region of seal 100 between electrodes 140 
and manifold openings 105' can Incorporate fluid distribution features for assisting flow of reactants and/or coolant 
from respective manifold openings 105' to the active area of the MEA. Such features could be molded, stamped or 
otherwise formed in integral seal 110, as desired. 

25 [0025] Sealing and/or alignment features can be fonned from a resilient material applied to the rigid sealant material 
of integral seal 110, if desired. Suitable such materials include liquid Injection moldable elastomeric compounds, such 
as silicones, fluoroelastomers, fluorosilicones, ethylene-co-propyiene dimethyl and natural rubber. In the embodiment 
of FIG. 3a, for example, the portions of sealant material 125 on the surfaces of electrodes 140 can be formed from a 
resilient material, if desired. As another example, in the embodiments of FIGs. 3b and 3c, the portion of sealant material 

30 125 extending from the end of MEA 100, or only the raised features thereof, can be formed from a resilient material. 
When fuel cells containing the present improved MEA are assembled into a stack and compressed, the resilient seal 
features defonm against adjacent plates to fonn seals between the MEA and adjacent plates. 
[0026] Particularly in embodiments employing a resilient sealant material, more complex sealing features can be 
employed. For example, compartmentalized seals can be fonned with multiple raised ribs, such as those described In 

35 U.S. Pat. No. 6,057.054, whfch is incorporated herein by reference in its entirety. However, the selection of particular 
resilient sealant materials, if employed, or the selection of seal geometry, is not essential to the present MEA, and 
persons of ordinary skill in the technology involved here can readily choose suitable such sealant materials and ge- 
ometries for a given application. 

[0027] In alternate embodiments, sealing features can be formed directly from the rigid sealant material. In these 
40 embodiments, a semi-rigid compression seal is fonned between the MEA and adjacent plates. Flow field plates made 
from a deform able mate rial, such as expanded graphite sheet, are pressed against the sealing featuresduring assembly 
of the stack with sufficient pressure to defomi the plate. The sealing feature then fonns a cup and cone type seal 
against the plate during operation of the stack. Alignment features can also be formed directly from the rigid sealant 
material, if desired. 

45 [0028] FIG. 4a depicts the MEA of FIG. 3b compressed between two separator plates 200. In FIG. 4a, the portions 
of sealant material 125 comprising ribs 160 are fonned from a resilient material and plates 200 include a recessed 
groove 265. Ribs 160 defonm against plates 200 in grooves 265 and form a seal. The recessed surface of groove 265 
may be less prone to scoring or other damage that can occur during the manufacturing process when a number of flow 
field plates 200 can be stacked one on top of the other. 

50 [0029] FIG. 4b also depicts the MEA of FIG. 3b compressed between two separator plates 200. In FIG. 4b the portions 
of sealant material 125 comprising ribs 160 are formed from a rigid sealant material and plates are made from a 
defonnable material. Ribs 1 60 of integral seal 1 10 locally defomri plates 200, as shown. During operation, ribs 1 60 form 
cup and cone seals with plates 200, as discussed above. Integral seal 110 can comprise more than one raised rib on 
or both surfaces thereof, if desired. Those skilled in the technology Involved here will appreciate that additional ribs 

55 will Increase the protection against leaks. A breach In one of the ribs will not result in a leak unless there are also 
breaches in the other rib. If desired, one of raised ribs can be located in the sealing region 150 that superposes the 
membrane. 

[0030] While particular steps, elements, embodiments and applications of the present invention have been shown 
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and described, it will be understood, of course, that the invention is not limited thereto since nnodif ications can be made 
by persons sl^ifled in the art, particularly In light of the foregoing teachings. It is therefore contemplated by the appended 
claims to cover such modifications as incorporate those steps or elements that come within the scope of the invention. 

5 

Claims 

1. An improved membrane electrode assembly for an electrochemical fuel ceil, the membrane electrode assembly 
comprising: 

10 

a first porous electrode layer; 
a second porous electrode layer; 

an ion exchange membrane interposed between the first and second porous electrode layers wherein the first 
and second electrode layers and the membrane are coextensive; 
15 a quantity of etectrocatalyst disposed at the interface between the ion exchange membrane and each of the 

first and second porous electrode layers, thereby defining an electrochemicalty active area on each of the first 
and second electrode layers; and 

a fluid impermeable seal integral with the membrane electrode assembly, the seal comprising a rigid sealant 
material Impregnated into the first and second porous electrode layers in sealing regions thereof and having 
20 at least one raised rib, wherein the seal envelops a peripheral region of both first and second electrodes and 

the ion exchange membrane. 

2. The membrane electrode assembly of claim 1 wherein the sealing regions comprise regions that circumscribe the 
electrochemically active area. 

25 

3. The membrane electrode assembly of claim 1 wherein the sealing regions comprise regions that circumscribe an 
opening within the membrane electrode assembly. 

4. The membrane electrode assembly of claim 1 , the integral seal further comprising an alignment feature for assisting 
30 alignment of the ME A during assembly of the fuel cell. 

5. The membrane electrode assembly of claim 1 wherein an outer edge of the integral seal comprises a reference 
edge for assisting assembly of the fuel ceil. 

35 6. The membrane electrode assembly of claim 1 wherein the rigid sealant material is a thermoplastic material. 

7. The membrane electrode assembly of claim 6 wherein the thermoplastic material is a liquid injection moldable 
compound. 

40 8. The membrane electrode assembly of claim 1 wherein the sealant material comprises at least one sheet of ther- 
moplastic material. 

9. The membrane electrode assembly of claim 8 wherein the sheet of themnoplastic material comprises a fluoropol- 
ymer 

45 

10. The membrane electrode assembly of claim 8 wherein the sheet of thenmoplastic material comprises polyvinylidene 

fluoride. 

11. The membrane electrode assembly of claim 1 wherein the raised rib Is fomied from a resilient sealing material. 

50 

1 2. The membrane electrode assembly of daim 1 1 wherein the resilient sealing material is an elastomeric compound. 

13. The membrane electrode assembly of claim 12 wherein the elastomeric compound is selected from the group 
consisting of silicones, fluorosilicones, fluoroelastomers, ethylene-co-propylene dimethyl and natural rubber. 

55 

14. The membrane electrode assembly of claim 1 wherein the at least one raised rib comprises at least one raised rib 
on each major opposing surface of the membrane electrode assembly 
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15. The membrane electrode assembly of claim 1 wherein the seal extends laterally beyond the membrane and the 
electrode layers to form an external region having manifold openings therein. 

16. The membiane electrode assembly of claim 15 wherein the external region of the seal has fluid distribution features 
5 fonned therein. 

17. A method of making a membrane electrode assembly the membrane assembly comprising first and second porous 
electrode layers and an ion exchange membrane, the method comprising: 

10 placing the ion exchange membrane between the first and second electrode layers; 

bonding the ion exchange membrane to the first and second electrode layers; 

placing the first and second electrode layers and the ion exchange membrane between two sheets of rigid 
sealant material; 

bonding the sheets of rigid sealant material together; 
15 impregnating a portion of the rigid sealant material into portions of the first and second electrode layers to 

fonm an integral seal; and 

fomning at least one rib in at least one major surface of the integral seal. 

18. The method of claim 17 wherein the bonding of the ion exchange membrane to the first and second electrode 
20 layers, the bonding of the sheets of rigid sealant material, and the Impregnating of the sealant material into the 

electrode layers occurs simultaneously 

1 9. The method of claim 1 7 wherein the step of bonding the sheets of rigid sealant material together comprises applying 
an adhesive to at least one of the sheets. 

25 

20. The method of claim 1 7 wherein the step of bonding the sheets of rigid sealant material together comprises applying 
a solvent to at least one of the sheets. 

21 . The method of claim 1 7 wherein the step of bonding the sheets of rigid sealant material together comprises applying 
30 heat and pressure thereto. 

22. The method of claim 1 7 wherein the at least one raised rib is formed by applying a resilient sealing material to the 
surface of at least one of the sheets of rigid sealant material. 

35 23. The method of claim 1 7 wherein the integral seal extends laterally beyond the membrane and the electrode layers 
to form an external region, the method further comprising forming manifold openings in the extemal region of the 
seal. 

24. The method of claim 23, further comprising forming fluid distribution features in the external region of the seal. 

40 
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